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An observable to measure the polarity of lambda that caused by source global angular momen- 
tum in peripheral AU-AU collision at RHIC is proposed. This observable's capacity of measurement 
is tested by Monte Carlo method. And the main factors that influence the observable are also re- 
searched. This observable will give an effective proof of the formation of deconfined matter. 

PACS numbers: 25.75.Nq,25.75.Dw 



1 



I. INTRODUCTION 



As we all know, only a few of events are center-to-center in An- An collision in RHIC because the nucleous has enough 
volume to be regarded as a ball rather than a point. Most of events are peripheral that is only a part of the nuclei 
collide to each other when two nuclei meet. Just as two macroscopical bodies collide peripherally to each other, a global 
angular momentum will be reserved in the overlapped region in heavy ion collision.lt was firstly proposed by Liang 
and Wang At the same time the unoverlapped parts keep on moving in initial direction and the overlapped part 

i.e. the source becomes still for the loss of momentum. The questions in front of us is how to verify the existence of 
the global angular momentum and how to measure it in experiment if it exists. 

Unfortunately,the first question can not be replied directly because all information about the source we can get 
is from the final-state particles. On the other hand, many results from both experiment and theory show that an 
deconfined matter created after the collision. The first evidence comes from "jet quenching" 0, 0| -It was predicted 
to occur as a result of energy loss by the hard scattered partons due to interactions with the surrounding dense 
medium | M Q-The theory of this energy loss has been a topic of intense research over the past few years 
ITol im ri2l|'24'|.The second evidence is the elliptic flow found in heavy ion cillision. Quark coalescence model 19]^3| 
has been applied to describe the elliptic flow at RHIC for different flavors plL .Another surprising early 

measurements from RHIC shows that the proton/pion ratio reaches or even exceeds unity for transverse momenta pt 
above 2 GeV/c jl3j . One explanation for this phenomena is that quarks originating from different nucleon-nucleon 
collisions recombine via coalescence mechanisms [l3,[lSllSli3jlllll23-If an matter composed by partons created in 
heavy ion collision, The global angular momentum between partons can convert to spin of final-state particles during 
the formation of these particles ' l', '2)|. The reason is that the orbital angular momentum of partons is part of spin of 
particle .So if the source has global angular momentum ,this angular momentum will localize to final-state particles 
and the particles will be polarized. But if the matter is still confined,the polarization will not happens. 

As experimental result supports the formation of deconfined matter,we go to the second question. Now the second 
question converts to how to measure the polarity of some kind of particle. This question will mainly be discussed in 
this paper :1, choosing particle and observable; 2, arguing the relation between the observable and polarity;3, factors 
influencing the measurement. 



II. CHOOSING PARTICLE AND OBSERVABLE 



There are some criterions in choosing the particle to reflect the global angular momentum of the source. Firstly, its 
spin can't be zero and its decay-length must be suitable to reconstruct. Secondly,it must decay by weak interaction 
and its daughter's angular distribution must be spherical asymmetrical because of the break-out of the conservation 
of parity in weak interaction. Finally,there must be many such particles produced in heavy ion collision so the mass 
of the particle should not too large. Under these criterions, A/ A is a good candidate J^, 

After the particle is chosen the observable of the particle should be designed subsequently. We define a reaction 
plane in heavy ion collision by the beam direction and the impact parameter vector and we can fix it in experiment, 
but we can't distinguish which direction is up or down for the polarized particles if they are indeed polarized by the 
global angular momentmn of the source. The distribution of the daughter of A (i.e. 7r~ and proton) is written as 



9 is the polar angle in the center of mass frame of polarized A when we define the spin direction of A as the z 
axis, a is a constant for A decay and it equals 0.642. Pa is the polarizability of A. If all the event after turned to 
reaction plane are counted we will still get a symmetrical distribution of daughters of A in the center of mass frame 
of A because the second term of right of iQJ will give a negative sign if the change of polar angle 9 is tt.To overcome 
this difficult, we define observable as following. 

Firstly we should fix the reaction plane in experiment for an event. The reaction plane divide the x-y plane into two 
parts. We call one of them up direction and the other down direction. The reaction is immovable for the event and the 
A in it. For the event of NAs we can count the number of A s whose one of the daughters such as proton belongs to 
the up or down direction in the center of mass frame of A as N-j and Ni .It is easy to know N = + Ni .We define 
M]^{i) for the i-th event of iVA s as 



(2) 
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.Then we add M^ii) for all the events of A^Astogether to get Mm 
get 



P{N) 



Mn 



N event IS the number of all events of A^As.We can 



(3) 



The P{N) is the observable to reflect the global angular momentum for the event whose number of A is N . 

The next question asked instantly is why and how P{N) reflects the existence of the global angular momentum of 
the source (i.e. the polarity of A emitting from it ). Qualitatively, if A emitting from the source is polarized and the 
reaction plane has been confirmed, the numbers of A that crosses two sides of the reaction plane are unequal because 
of (E3).The difference between them is Mm{i) for the i-th event of A^A s. So it is obvious the relation between P{N) 
and the polarization because of the relation between P{N) and Mat («) -Concretely ,we calculate the value of P{N) for 
the unpolarized event firstly,then contrast the value from real data to it. 



III. THE RELATION BETWEEN THE OBSERVABLE AND POLARITY 



To explain this issue, the first value should be calculate is the P{N) for the unpolarized event. In unpolarized event,the 
spin direction of A is random. So it is easy to get: 



P{N) = 



The value of P{N) is listed below: 



Y:r=o\2m-n\C^ 
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FIG. 1: The value of P(N)in unpolarized event 

probability of there are m A whose proton belong to up direction of the reaction plane is ^ „?Jti ■ \ N-^ — \ is 
I m — (n — m) | i.e.| 2m — n | for event of TV A. Add the probability multiplied by | 2m — n \ for m from to and 
the expression of P{N) can be got as 

Calculating the value of P{N) in unpolarized event, we should estimate the P{N) and the variance of it in polarized 
event for the statistical quantity that we can get from experiment. We can do that just like we define P{N) by use 
of Monte Carlo. After selecting the events that contain N As and turning to the center of mass frame of each A, we 
produce direction of proton from A satisfying the distribution of regarding x axis as the reaction plane for all 
events. Then count the number of protons that lies in the first and second quadrants as and that in the third and 
fourth quadrants as A^^^. After counting and adding the difference of these two value (i.e. M]\[{i)) for all event of A^ 
As, we can get P{N) by use of ©.This process should be repeated for many times for example 50 times to get the 
variance of P(A^).The pictures below show the result 



-P(2H 
-variance 



FIG. 2: Monte Carlo result for N=2,the red line is P(2)-l,the blue line is the variance of P(2) for 50 times 
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-p(3)-1.S 
- variance 



FIG. 3: Monte Carlo result for N=3,the red line is P(3)-1.5,tlie blue line is the variance of P(3) for 50 times 



The accuracy of this method is determined by the ratio of P{N) — Pr{N) to the variance of P{N). Pr{N) means 
the reference value for P{N) in unpolarizcd events listed in Fig.l. Presumedly if the degree of confidence is set to 
3(7, we can get signal in case of aP\ >0.2.This estimate is from Fig. 2 and Fig. 3 with no other factors considered. 



IV. FACTORS INFLUENCING THE MEASUREMENT 



The value of P{N) is affected by a lot of factors. We will discuss the main ones in this section. Obviously,the resolution 
of reaction plane can influence P{N) severely.If the real reaction plane is known, the degree of asymmetry between 
up and down the reaction plane is the maximum of whatever resolution of reaction plane. On the other hand, if the 
resolution of reaction plane is 7r,in other words, we don't know the reaction plane, The value of PiN) will equal that 
in impolarized events. Picture below gives the trend of P{2) at aPj>^=0.2. 
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FIG. 4: Monte Carlo result for N=2,the red triangle is P(2)-l,the black square is the variance of it for 50 times,X-axis means 
the reaction plane resolution divided by vr 

From Fig. 4 we can know that if this method is feasible at N —2 and aPj^=0.2 the resolution of reaction plane must 
be smaller than 0.47r. This is a quite loose requirement. 

Another factor is the resolution of momentum. The direction of proton decayed from A is measured in the center of 
mass frame and the transformation from laboratory frame to the center of mass frame needs the momentum of both 
proton and pion decayed from A. So the resolution of momentum will affect the direction of daughters of A. the picture 
below shows the trend of P{2) depending on the momentum resolution at aPA=0.2 . From Fig. 5 we can know that 
the variety of P{2) depending on the momentum resolution from to 20 MeV is unconspicuous. So the influence from 
momentum resolution should be small. 

There are also other factors that affect P{N) ,such as the purity of A. We can estimate the influence of it from the 
reconstruction of A. 
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FIG. 5: Monte Carlo result for N=2,the red pentacle is P(2)-l,tlie blue empty pentacle is the variance of it for 50 times,X-axis 
means the momentum resolution 



V. CONCLUSIONS 



An observable P{N) to measure the source global angular momentum localization in peripheral AU-AU collision 
at RHIC is proposed in this article. And the relation between P{N) and the polarizability is shown by simulation 
in which the quantity of statistics is from real data of AU-AU collision in 200 GeV at STAR in 2001. The variance 
of P{N) is also shown by this. Then the factors that can influence P{N) are discussed. The influence of momentum 
resolution is trivial within the resolution of STAR detector . From simulation result, the resolution of reaction plane 
should be smaller than 0.47r for a feasible measurement. If aPA is bigger than 0.2 i.e. Pa >0. 312, this method can give 
a meaningful result with the degree of confidence about 3cr.If aP\ is smaller than 0.2, this method can give an upper 
limit of Pa- 
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